m Rovnovaha tuha latka-kapalina

m Vypocty fazovych rovnovah a zakladni typy
fazovych diagramu

m Zpusoby pripravy a vlastnosti monokrystalu
m \Whiskery a jejich pevnost

m Rust nové faze, difuze, smérova krystalizace
= Nanokrystalické materialy



Rovnovaha tuha latka-kapalina

Rozdé¢lovaci koeficient — rovnovazny a efektivni
Zavislost rozdelovaciho koeficientu na elektronové struktuie kovu
Vyuziti rozdélovacich koeficienta k ptiprave ¢istych kovu
Z.onove ¢isténi kovu

Aparatury, zdroje energie



Heating coil

(a) Purified Collected

material impurities

(b)




.
b
-
L
©
Q
=
0

Composition, x



1C

3 = [2s)
. = =
. - [27]
| = [28]
_,f E:-t < 29}
= 3
- -
=
P — -
k-]
S 9.3
2 3 [
o H
0.013 ;
[-Me R L SH B B g
< 100

Protonove clslo
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Skupina

Typ diagramu

Primésovy prvek B
(prognoza)

1 I(%uB > 1

a)

Taplota [°C}

Ni, Pd, Rh, Pt

.

Cu

- - "~ Bl-
b) 5 / V., Fe, Co, Ir
g = (Ru, Ta, Os, W, Re)
=
éu = = = B'-
: 2 kS < 1
a) ;6 - Mn, Au
8 \
E_ —
P ——
b) o Li, Mg, Al P, Cr, As,
B Nb, Mo, Ag, Sb, Hg
2
S
c) i) Be, Si, Ti, Zn, Ga, Ge.
g _ Cd, In, Sn
=
ST E -
d) = B, O, S, Ca, Se, Sr, Y, Zr,
= E—
_g Te, Ba, La, Ce, Pr, Nd, Sm,
= Eu, Gd, Yb, Hf, T1, Pb, Bi,
Cu ad Th, U, Pu
3

kg"'B << 1

{He., Ne, Ar, Kr, Xe, Rn)

Obr. 18 Typy binamich fazovych diagramd meéd - pfimés




Fazove diagramy a energie vazby

H@@BMMNGIW

84 Ay By84 TpBr 6

Obr, 26.34. Setazeni rovnovdZnych diagrami podle stoupajici energie vazby mezi atomy slojek

lal




Geometricka termodynamika

K

Obr. 28.13. Termodynamicky moZné priibéhy kfivek v binirnich diagramech.

(A=

Obr. 28.14. Termodynamicky nemo¥né priub&hy kfivek v bindrnich diagramech typu V.




Vypocty fazovych rovnovah

Metoda CALPHAD — princip, realizace

Program THERMOCALC — verze TC4A
Databaze — Cisté kovy, roztoky kovu, intermetalika
Makra pro vypocet binarnich fazovych diagramu

VVVVVV



Vypocty fazovych rovnovah — pokr.

m Princip metody CALPHAD

m Nalezeni Gibbsovy energie kazdeé faze vzhledem ke
standardnimu stavu (SER) kovu:

m Gf= XY yG,' +G9+GE +Gmag ..

m Nalezeni minima celkové Gibbsovy energie (p, T = konst.)
® V uzavreneé soustave — urcCi se stabilni faze a jejich mnozstvi

m Databaze termodynamickych dat



Struktura databaze - ThermoCalc

- prvku
m a jejich konstituentu - modely
. Hodnoty termodynamickych funkci
(Cisteé slozky, sloucCeniny, roztoky, uspor.faze)

[ ]
s Komunikace s jinymi programy: difuze, tuhnuti....
m S jinymi databazemi



Definice referencnich stavu

prvku

ELEMENT /-
0.0000E+00

ELEMENT VA
0.0000E+00

ELEMENT IN
0.0000E+00

ELEMENT SN
0.0000E+00

ELEMENT ZN
0.0000E+00

ELEMENT BI
0.0000E+00

ELEMENT AG
0.0000E+00

ELECTRON GAS
VACUUM
TETRAGONAL A6
BCT A5

HCP_ A3
RHOMBO A7

FCC Al

114

118.

65.

208.

107.

.0000E+00

.0000E+00

.82

69

39

98

87

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00

.0000E+00



Definice fazi a jejich slozek

PHASE LIQUID:L z 1 1 !

CONSTITUENT LIQUID:L :AG,BI,IN,SN,ZN : !
S

PHASE BCT A5 Z 1 1 !

CONSTITUENT BCT A5 :AG,BI,IN,SN,ZN : !

S

PHASE TETRAGONAL A6 7z 2 1 1 !

CONSTITUENT TETRAGONAL A6 :AG,BI,IN,SN,ZN:VA : |
S

PHASE FCC Al Zz 2 1 1!

CONSTITUENT FCC Al :AG,BI,IN,SN,ZN:VA : |
S

PHASE FCT Zz 1 1 !

CONSTITUENT FCT :AG,BI,IN,SN,ZN : !



T(dolni) Polynom pro G(T,p) T(horni) N/Y Literatura

FUN GHSERCR 298.15 -8856.94+157.48*T-
20.908*T*LN(T)+.00189435*T**2-1.477721 E-
06*T**3+139250*T**(-1); 6000 N SGTE !

PARA G(BCC,Cr;0)298.15 GHSERCR 6000 N SGTE !



m [(dolni) L- Redlichova - Kisterova polynomu
T(horni) Literatura!

PARAM L(FCC _A1,CR,FE:VA;0) 298. 10833.-7.477*T; 6000. HQI1 !



Vypocet fazového diagramu

Makro (AgSn.log).

Sw avr
define-element
Sn Ag

Reject phase /all

Restore phase bct a5 fcc lig hep
epsilon

get

list-phase-data fcc
@7?continue

set-condition t=973 x(Ag)=0.95 p=1E5
n=1

Calculate-equilibria
set-axis-variable 1 x(Ag) 0 1 .025
s-a-v 2 t 300 1200 10
map

set-diagram-axis x m-f Sn
s-d-ayt-C
make-experimental-datafile
SnAg.dat

set-title Sn-Ag Phase diagram
plot

SCREEN

set-interactive



Phase diagram of Ag-Sn system

961.779 °C

723.656 °C

0.115639 0.210645

0.238294 479.94°C 0.488192

o
o
:
:
g
=

231.928 °C

220.251 °C

= 0.959069
w("l
g’ 0.0684568

0.0870224

0.141934
|

0.2




Zakladni typy fazovych diagramu

m Soustavy s uplnou rozpustnosti v pevne fazi
m Soustavy s neuplnou rozpustnosti v pevne fazi
o - eutektika

m - peritektika

m Soustavy s intermedialnimi fazemi
m - sloucCeniny

m - Iintermetalicke faze

= - usporadane faze



Nekteré zakladni typy fazovych diagramu:

H@@BMMNGIW

84 Ay By84 TpBr 6

Obr, 26.34. Setazeni rovnovdZnych diagrami podle stoupajici energie vazby mezi atomy slojek

lal




Fazove diagramy s neuplnou rozpustnosti
v pevne fazi. eutektikum a peritektikum

P A

ermodynamicky moZné prib&hy kfive




Zpusoby pripravy a vlastnostsi
monokrystalu

Podminka: kvasirovnovazne tuhnuti
Bridgmanova a Czochralskiho metoda (z taveniny)
Verneuillova metoda (prasky-rubiny)

Vlastnosti monokrystalu:
Definovany povrch a orientace rovin
Nizka koncentrace poruch — vliv na vlastnosti kovu



A v e

J —— P
N —— q" d;.__ "

Obr. 40 Schéma Czochralského metody taZzeni monokrystali z taveniny
a) fez tavicim zafizenim
b) teplotni profil v ose kelimku
1-odporovy ohfivag, 2-prizor, 3-taina ty& 4-driak zarodku, 5-pfipojeni vakuového systému,
6-monokrystal, /-tavenina, 8-kremenny kelimek, 9-dr¥ak kelimku




Dbr. 1. Metody péstovani monokrystall

a) metoda Bridgmanova-Stockbargerova
1 - kuZelovy kelimek s krystalem,

2 - topenf, 3 - mechanismus sestupu
kelimku

b) metoda Czochralského:

I - krystal, 2 - kelimek,

3 - taZicf ty¢ se zarodkem

4 - induktor vysokofrekvenéniho
ohfevu, § - izolace




Obr. 1. Metody péstovini monokrystali

¢) zondln{ tavba:

I - krystal, 2 - roztavend zona,

3 - vychozi surovina, 4 - topeni,
5 - mechanismus tazen{ a rotace

d) metoda Verneuilova:

1 - piivod O, s praskovou
surovinou, 2 - pfivod H,,

3 - d4vkovéni praSkové suroviny
4 - krystal, 5 - nosi¢ krystalu,
6 - keramickd izolace
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Struktura povrchu pevné latky

-5

tep

——___Adatom

Terrace

Fig. 29.1 Some of the kinds of defects that
may occur on otherwise perfect terraces.
Defects pDtay an important role in surface

growth 3nd cataiysis.




Whiskery a jejich pevnost

Kovova vlakna — bez poruch
Teoreticka pevnost : G/27



Nezadouci whiskery Zn na pozinkovanem povrchu

= ZEl EHT= 10.0 KV  HD= 24 mm MAG= X 112. PHOTO= 15

200 pm
FINC WHISKER, 4/1/03




Teoreticka a experimentalni mez pevnosti

Material Younguv mez pevnosti Podil E/c(exper.)
modul (E)(GPa) o(exper.) (GPa)  (Teor.pevnost=E/2n)

Vlakna SiO, 97 24 4
Whiskery Fe 295 13.1 23
Whiskery Si 166 6.5 20
Whiskery Al,O;, 496 15.2 33
Nastroj.ocel 210
Al,O, 390

Sklo 72



Vznik a rust noveé faze

Vznik nové faze mechanizmem nukleace a rustu
Vznik nove faze spinodalnim rozpadem

Homogenni a heterogenni nukleace
Epitaxe, prednostni nukleacni mista

Rust faze - mechanizmem diftuze



46
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46
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Obr. 2-19. Zména volné enthalpie AG krys-




A NB —» 8
pect to mole fraction of A of the integral Gibbs energy
The curve is for a temperature below T..

Fic. 24. First and second differentials with res
of mixing of a binary A-B alloy.




C

. .

Composition

Distance , x

a) ‘heterophase’ b) ‘homophase’
fluctuation fluctuation
{ nucieation ) ( spinodal )

Fig. 1. Heterophase (a) and homophase ftuctuations (b) for different stages of development {(after [1}).



Difuze

Linearni termodynamika nerovnovaznych procesu:
Rovnice difuze

Autodifuze a vzajemna difuze

Kirkendalluv jev

m Difuze proti koncentracnimu spadu

m Zavislost velikosti rostouci castice na case: stredni
délka dobéhu &astice: <x> = (2Dt)"2
m Drahy o vysoké difuzivite (hranice zrn, dislokace...)

m Difuze v monokrystalech a usporadanych fazich:
(D <D D,.,<D

polycrs usp neusp )

monocr



eDifuzni rovnice

*Priklad:

*Pocatecni podminka (t=0): n, v roviné x=0 (plocha A)
(cukr na dné hrnku)

*Okrajova podminka 1:

*c v kazdém x kone¢né

*Okrajova podminka 2:

*celkové mnozstvi ¢astic n,= konst.

‘Reseni (tabulky):

nc(x,t) = (n,.exp(-x?/(4.D.t)))/(A.(r.D.t)1?)
(1)
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Obr. 44. Vliv difize na rozloZeni pfimési ve slitine.




—— erf-function fit
= exp




Weld joint c|St
(detail)
1173K/16h

Back




™ molybdenovy

L 2nadkovaei drot

Obr. 46, Schéma Kirkendallova jevu,




Smerova krystalizace

m Rafinacni metoda - rozdéleni pfimési mezi
o kapalnou a pevnou fazi

m Zonalni Cisténi — zvlastni pripad smérové krystalizace



Obr. 26 Princip smérové krystalizace




Heating coil

(a) Purified Collected

material impurities

(b)
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vokuovy
system
v 7
zdroj - A
12 000VI—= . -
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Obr. 39 Schéma zafizeni pro elektronové zonalni taveni ve vysokém vakuu metodou vist
a) fez tavicim zarfizenim
b) fez fokuzadnim systémem
c) tvar wolframové katody
1-fokuzacéni systém z Mo plechu, 2-katoda, 3-svazek elektron, 4-roztavena zéna
5-kov uréeny k taveni, 6-horni drzak tyée, 7-plast recipientu, 8-doini drzak tyce



Vakuum a zpusoby jeho dosahovani

m Nizké vakuum 1bar—0,1Pa rotaéni a membranové vyvévy

m Vysoké vakuum 0,1 Pa-10%Pa difuzni, sorpéni,

= turbomolekulove vyvevy

m Velmi vysoke vakuum p <105 Pa iontové vyvévy, titanové
o rozprasovaci vyvevy
[ |
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Obr. 38 Schéma zafizeni pro plazmové taveni kovl
1-krystalizator, 2-plazmovy hofak, 3-vnéjsi plast, 4-nosna trubka, S-vnitini plast,
6-Celo krystalizatoru, 7-pfiruba pece, 8-vodici $roub, 9-unasec, 10-elektromotor,

11-chladic




Nanokrystalicke materialy

m Krystaly blizke velikostem molekul —
m specificke vlastnosti (tvrdost, reaktivita, katalyza...)

m Priprava nanokrystalickych materialu (mleti,
rozprasovani...)

= Amorfni materialy a jejich priprava

(velmi rychlé ochlazovani taveniny)



Whatis Nanotechnology? [

Nanotechnology is the creation of functional materials, devices
and systems through control of matter on the nanometer length
scale and exploitation of novel phenomena and properties
(physical, chemical, biological) at that length scale

“If I were asked for an area of science
and engineering that will most likely
produce the breakthroughs of
tomorrow, I would point to nanoscale
science and engineering. "

-Neal Lane
Assistant to the President for Science
And Technology




ARTICLES

Dick et al.

L] i L] I L] l' L] l
200 400 600 800 1000
T,C
Figure 3. First derivative DTA profile of 1.5 nm silica-encapsulated gold
particles. The large endotherm at ~800 °C is melting of NaCl, the broad
onc at 380 °C is melting of the particles, and the band at 1068 °C is melting
of bulk gold.

~ 10°®

.S 5 W0 Y800 A

[ I ] [
0 5 10 15 20
Size, nm

Figure 4. Size dependence of the melting point and diffusion coefficient
of silica-encapsulated gold particles. The dotted curve is calculated using
¢q 2 and the parameters given in the text for “naked” gold. The bulk melting
temperature of Au is indicated by the double arrow as Ty(ee). The solid
curve (right-hand side axis) is the calculated Au self-diffusion coefficient.

Dick K. et al., JACS 124 (10), 2312-2317 (2002)
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IFip, 4. Phuse diagram in nm-sized alloy system as 8 function of

system size: (@) i the bulk system, (b) in thc system sizc of
approximately 10nm, and (¢) in the system size of < Snm.

Yasuda H., Mori H., J.Cryst.Growth 237-239, p.234-238 (2002)



